Leaflets of Vicia laba L. were pulse labeled with "4CO2 and the kinetics of 14C-sucrose redistribution among individual tissues was followed. Sucrose specific activity in the whole leaf peaked about 15 minutes after labeling and declined with a half-time of about 80 minutes. In one experiment, leaflet discs taken at various times during the '2CO2 chase were quick frozen, freeze-substituted, and embedded in plastic. The tissue was sectioned paradermally and sections of palisade parenchyma, of spongy parenchyma, and of spongy parenchyma that contained veins were collected. Water extracts from these sections were assayed for sucrose specific activity. Sucrose specific activity in the palisade parenchyma was higher than that of the spongy parenchyma and reached a maximum in both tissues 9 to 15 minutes after labeling. Sucrose specific activity initially de- Two hours prior to an experiment, the shoot above the youngest fully expanded leaf was excised. The leaflet to be labeled was placed in an open Plexiglas chamber by sealing the stem immediately below the leaflet into an opening in the bottom of the chamber. Neither the leaflet nor the shoot below the leaflet were excised during these manipulations. The chamber was closed just before labeling. The chamber was connected in series with a circulating pump with sufficient capacity to give the chamber air a turnover time of 1 to 2 sec in the experiment reported in Figure 1 . and 10 to 1 5 sec in the experiments reported in Figures 3 and 4 
tioned paradermally and sections of palisade parenchyma, of spongy parenchyma, and of spongy parenchyma that contained veins were collected. Water extracts from these sections were assayed for sucrose specific activity. Sucrose specific activity in the palisade parenchyma was higher than that of the spongy parenchyma and reached a maximum in both tissues 9 to 15 minutes after labeling. Sucrose specific activity initially de- clined rapidly in the palisade parenchyma followed by a period during which little or no loss occurred. Sucrose specific activity in sections containing veins peaked at 15 minutes with a maximum value substantially higher than either mesophyll tissue, indicating that recently svnthesized sucrose was preferentially exported from the mesophyll. Decline of activity in these sections containing veins continued for the remainder of the experiment. Sucrose specific activity in lower epidermal peels peaked several minutes after that of the whole leaflet and remained lower. Sucrose specific activity in upper epidermal peels was variaole (probably due to contamination), but the limited data suggest that the sucrose specific activity there reached somewhat higher values than those of the lower epidermis. The (Worthington Biochemical) . This resulted in the production of a reddish spot in the area containing sucrose. The spot was eluted in 1 ml of H20 in a vial for 30 min; 10 ml of aqueous cocktail were added, and the sample was assayed for radioactivity with a liquid scintillation counter. Trials run with larger amounts of "4C-sucrose (i.e. localizable by autoradiography) showed that there was no loss of radioactivity associated with this procedure. All activities were converted to dpm using an efficiency obtained by including an internal "4C-toluene standard in several samples. Data are expressed as dpm/,lg of sucrose.
For determination of sucrose pool sizes, paradermal methacrylate sections containing palisade parenchyma, the lower layer of spongy parenchyma, or spongy parenchyma with veins were extracted in H20. Sucrose was assayed by Lowry and Passonneau's cycling assay (7) . The volume of the sections (and therefore of the tissue extracted) was determined by measurement of a fluor incorporated into the plastic (8) Figure 1 . In this experiment, to avoid the variability in sucrose specific activity that occurred from leaflet to leaflet (Fig. 4 during the same interval. This rapid increase in specific activity was followed by a decline that was evident for the remainder of the experiment. The decline of sucrose specific activity in the upper layer of spongy parenchyma and veins showed a halftime of about 20 min.
Totals of "C-sucrose in the palisade parenchyma, lower spongy parenchyma, upper spongy parenchyma and veins, and in the lower epidermis (Fig. 2) of sucrose specific activity in the lower epidermis to that in the whole leaflet followed a regular kinetic sequence even in comparing different experiments. The kinetics of this ratio are plotted in Figure 3 . The data suggest that there was little or no sucrose synthesis from`CO2 in the lower epidermis and demonstrate that sucrose in the lower epidermis had not equilibrated with the remainder of the leaf sucrose even several hours after labeling.
Two similar experiments were conducted to follow the kinetics of sucrose specific activity in the upper epidermis. However, even the ratios of epidermal to average leaf sucrose specific activity were erratic. Because of this erraticism and the fact that there was substantial contamination of the peels with intact palisade cells, the data are not presented in their entirety. Nevertheless, they indicated compartmentation between the upper epidermis and the remainder of the leaf. Although the average of 13 ratios was close to unity (1.05), most were different. The ratios ranged from 0.5 to 1.8. The maximum ratio of 1.4 in the first experiment was reached at 32 min, whereas there was no apparent relationship of ratio to sampling time in the second experiment.
To get a general idea of the absolute behavior of sucrose specific activity in the whole leaf and, from the ratios in Figure  3 , of sucrose specific activity in the lower epidermis, sucrose specific activities in six separate leaflets were followed by taking leaf punches after pulse labeling with`CO2-The results of these experiments are illustrated in Figure 4 . Although the kinetics of sucrose specific activity followed a smooth time course within any individual leaflet, there were appreciable differences in the absolute values between leaflets. The average data from all six experiments are plotted in Figure 5 (upper curve), which is taken to be representative of the sucrose specific activity kinetics in an "average" Vicia leaflet. Sucrose specific activity in this combined plot reaches a maximum at about 15 min after labeling and then declines with a half-time of about 80 min. The absolute behavior of sucrose-specific activity in the lower epidermis is also plotted in Figure 5 (lower curve). These values were obtained by multiplying the values for whole leaf sucrose-specific activities (upper curve) by the ratios in Figure 3 . Sucrose-specific activity in the lower epidermis reached a maximum later than for the leaf as a whole, and did not show as much of a decline afterwards.
DISCUSSION
The occurrence of sucrose compartmentation in Vicia leaves is demonstrated directly by the existence of histologically separate pools having substantially different specific activities. Sucrose specific activity in the lower epidermis not only followed quite different kinetics from the leaf as a whole, but the two still had not equilibrated even several hours after pulse labeling. Although the layers of mesophyll tissues showed qualitatively similar kinetics, the sucrose specific activity in the lower layer of spongy parenchyma was always lower than that in the palisade parenchyma. This difference results, at least in part, from the lower rate of CO, fixation in the spongy parenchyma (9) . The low specific activity of sucrose in the lower epidermis apparently reflects the low specific activity of the spongy parenchyma pool with which it exchanges. The level of sucrose specific activity in samples containing veins was particularly striking in that it attained even higher values than did sucrose in either the spongy or palisade parenchyma which supply "C-sucrose to the veins (8) . The data therefore not only demonstrate histologically separate pools of sucrose (which we refer to as "histological compartmentation") but also strongly imply the presence of sucrose compartmentation at the intracellular level. Newly synthesized sucrose apparently is transported preferentially to the veins from the sites of "CO2 fixation before it mixes completely with larger pools of lower specific activity in the mesophyll. We presume that the latter pool is contained in the vacuole and that the smaller mobile pool of newly photosynthesized sucrose is located in the cytoplasm (or in both the cytoplasm and cell wall, since there is nothing to indicate whether transport is symplastic or apoplastic). Average kinetic behavior of whole leaf sucrose specific activity (from Fig. 4 ) and the sucrose specific activity in the lower epidermis (plotted from the ratios in Fig. 3 ). Table I for exact values of the latter). mobile pool). This is inferred from autoradiographic observations in the minor veins of sugar beet (4, 12) Response of the compartmental model to a pulse of '4CO2, using the transport rates listed in Table I and the pool sizes shown in Fig.  6 . A: Kinetics of total '4C-sucrose in the palisade parenchyma, the lower layer of spongy parenchyma, the veins and upper layer of spongy parenchyma, the lower epidermis, and the upper epidermis (compare with Fig. 2) . B: Kinetics of total '4C-sucrose in each of the compartments con- pools would exchange sucrose with the mobile pools in the adjacent mesophyll layers. A total of at least nine sucrose compartments is therefore inferred from the data.
MOBILE NON-MOBILE
From the point of view of translocation kinetics, the effect of a sucrose pool in the veins is to delay the maximum rate of tracer efflux from the leaf in comparison with the time at which average leaf sucrose specific activity reaches a maximum (Fig. 5) The most satisfactory form of the model is diagrammed in Figure 6 , the transport rates for which are shown in Table I Figure 7 , A, B, and C. Initial amounts of 14C in the precursor pools were set at values reflecting the relative rates of photosynthesis in the parenchyma layers under the conditions of these experiments.
Several of the assumptions made for the model deserve particular comment, because, for lack of data, they are necessarily somewhat arbitrary. Except for the sucrose precursor pools, the model ignores the interconversion of sucrose with other compounds. Observations in this and in an earlier paper (8) suggest that this lack of interconversion is a reasonable assumption. The turnover times for sucrose in the nonmobile pools in the spongy parenchyma and palisade parenchyma were assumed to be similar. The exchange rate between the mesophyll and upper epidermis was assumed to be the same as between the mesophyll and lower epidermis, for which there were more data. We recognize that the lack of data on some points lends some ambiguity to the model. Nevertheless, we regard it as a reasonable and informative approximation of sucrose compartmentation in a Vicia leaf. With some exceptions mentioned below, the curves generated from the model are not greatly changed by moderate changes in pool sizes and transport rates. This result is to be expected in a real leaf, where these values would be subject to local variations. Otherwise, the kinetic data would be very erratic. That is, the pattern of compartmentation (Fig. 2) is a far more important factor in determining the kinetics than are the exact values for pool sizes and transport rates.
Instead of the nine compartments suggested earlier, the compartmental model consists of 11 compartments. Further separation of the spongy parenchyma into two layers (it is, in fact, comprised of two layers) seemed necessary. Models with only one layer could not, in our opinion, be realistically adjusted to give both high activity in the veins and low activity in the spongy parenchyma.
Estimates of histological pool sizes were available directly (e.g. palisade parenchyma, lower spongy parenchyma) or indirectly (e.g. veins), except for the upper epidermal pool, which is assumed to be equal to the lower epidermal pool. At the intracellular level, the sucrose specific activity data (Fig. 1) implied that the nonmobile pool was larger than the mobile pool. The ratios of pool sizes (Fig. 6) 
